Objectives: To identify areas of Britain whose residents have relatively low age specific mortality rates, despite experiencing long-term economic adversity.
social policy and ecology. [6, 7] We find Health Canada's definition of the term the most helpful. [8] 
"Resilience is the capability of individuals and systems (families, groups, and communities) to cope successfully in the face of significant adversity or risk. This capability develops and changes over time, is enhanced by protective factors within the individual/system and the environment, and contributes to the maintenance or enhancement of health." p.4
It should be noted that other definitions of resilience exist, and that others working in this field take a process-based focus on resilience, rather than defining it as an outcome or as being conditional on adversity [9] .
A small number of studies have begun to explore resilience in communities and places. [8, 10] A recent study by Doran and Whitehead [5] found districts of England in which life expectancy was better than expected, given the level of deprivation in the area. However, life expectancy as a single measure of population health may mask variation in resilience by age group, makes it harder to identify the causes of death which have lower than expected rates and thus limits information on the potential mechanisms underlying the resilience. Furthermore, Doran et al's focus on England excluded Britain's most deprived areas, found in Wales and Scotland [4] , and their cross sectional approach limited the robustness of their findings. In this study therefore, our aim was to extend Doran and Whitehead's work. We took a longitudinal perspective on the whole of Britain and searched for areas with the strongest evidence of relatively low mortality rates across a range of ages, despite experiencing persistent economic adversity.
METHODS
The study was completed in two stages. Stage one identified a group of areas with long-term experience of significant economic adversity. Stage two identified members of this group with relatively low age specific mortality rates. This is an author produced version of a paper published as Tunstall, H., Mitchell, R., Gibbs, J., Platt, S. and Dorling, D. (2007) . Is economic adversity always a killer? Disadvantaged areas with relatively low mortality rates. Journal of Epidemiology and Comm. Health, 61 (4) . This paper has been peer-reviewed but does not contain final published proof-corrections or journal pagination.
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Areas, Timeframe and Data
All analyses were based on the 641 Westminster parliamentary constituencies in Britain, as at 1997-2001.
Constituency size (average population 89,000 in 2001) allowed analysis of mortality rates within small age groups. Furthermore, constituencies group similar numbers of people together across Britain and fragment large urban areas. UK decennial census data for 1971, 1981 and 1991, corrected for undercount as appropriate, and for which areal definitions were constant over time, were obtained from the Linking Censuses Through Time (LCT) website (http://census.ac.uk/cdu/software/lct/). [11] Census data for 2001 and individual level mortality data were obtained from Office for National Statistics (ONS) and the General Register Office for Scotland (GROS).
Measuring adversity
An index of adversity was created to trace the economic trajectory of each constituency over time. We did not use standard deprivation indices such as Townsend or Jarman [12] because their values cannot be compared across the entire time span of the study (1971 -2001) . Our index measured material rather than social disadvantage and was based predominantly upon measures of labour market inactivity. We identified indicators of 'adverse economic circumstances' separately for three age groups 0-15, 16-64 and 65 and over. The aim was to identify the best indicator of economic adversity, for each age group, from each census (table 1) , though the censuses vary in the variables they report and we were unable to match exactly the indicators across time. Data for smaller age groups were not available in 1971 and 1981. The indicator for children focused on their household circumstances since they have no formal relationship with the labour market. The censuses, particularly in earlier decades, offer remarkably little detail on the economic circumstances of retired people. In 1971 there were no appropriate census indicators of economic adversity for people aged over 65 years and this age group was not included in the adversity index in this year. For the years 1981 to 2001, we selected car access as an indicator of adversity for this age group. Car access is often claimed to have limitations as a measure of poverty, particularly in rural areas. [13] However car access is a strong indicator of social status among the elderly at the individual level [14] and was closely associated with mortality rates in this age group. (4) . This paper has been peer-reviewed but does not contain final published proof-corrections or journal pagination.
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The index was the total number of constituency residents in adversity expressed as a percentage of the total population. It was strongly correlated with standard deprivation measures (r=0.9, p<0.001 with the Carstairs index, Department of Environment's index of local conditions and Breadline Britain indices in 1991). The adversity index was then used to identify a group of constituencies with pronounced and prolonged economic adversity. We wished to identify a reasonably sized group of areas so as to maximise the chance to detect resilience. Since generally, economic adversity increased in the UK 1971-1991, we opted to identify areas which, in economic terms 'started badly, and got worse'. To this end, the third of constituencies with the greatest adversity score in 1971 was identified (n=214). Within this group, the quartile of constituencies with the greatest increase in adversity score between 1971 and 1991 was then isolated. This yielded 54 constituencies which we labelled as 'persistently disadvantaged'.
To confirm the suitability of the group identified, we ranked all 641 constituencies by economic adversity 
Comparing mortality rates in persistently disadvantaged constituencies
Assessing the variety of mortality patterns among the 54 constituencies was a complex task, with 2160 age group, time and area specific mortality rates to compare and contrast. We aimed to identify constituencies which had relatively low mortality rates, in a wide range of age groups, consistently over time and to take account of the degree of economic adversity experienced. To do this we computed a 'resilience score'.
In step 1, for each age group, in each time period, we calculated the quartile boundaries of the mortality rate distribution in the group of 54 constituencies.
In step 2, for each of the 54 constituencies, in each time period, we counted the number of age groups with a mortality rate within the best quartile of the distribution. We excluded the 5-9 and 10-14 age categories from this as very small numbers of deaths in these groups made the rates, and thus the quartile boundaries, very unstable. Counts for each time period were summed for each constituency.
In step 3 we weighted this total according to the level and persistence of economic adversity experienced across all four time periods. The weights were derived from the number of time periods in which the constituency fell in the worst half of the economic adversity score distribution, with an extra weight added for those areas which were in the worst half in every time period. For example, a constituency which was in the most economically disadvantaged half of the group in 3 times periods out of the 4 had its score weighted by a factor of 3. A constituency in the most economically disadvantaged half of the group in all 4 time periods had its score weighted by 5.
Constituencies with an above average resilience score were labelled 'resilient'. Sensitivity analysis determined the extent to which results were method dependent. Results indicated that most constituencies identified as resilient by the system described above, were identified regardless of the precise parameters of the system (data not shown)
Determining the significance of resilience for mortality
The high numbers of mortality rates prohibited testing each rate, for each constituency, for statistical significance [15] . We therefore tested for differences between each age group specific mortality rate among group of constituencies with above average resilience scores, and the rest of the persistently disadvantaged constituencies. Table 2 lists the group of 54 constituencies defined as persistently disadvantaged, together with their age group specific mortality rates for the period 1996-2001. These came from most regions in Britain, with the exception of the South East and South West of England. No constituencies in these regions had experienced great and consistent enough economic adversity for inclusion in the study. The majority of the persistently disadvantaged constituencies were in urban areas, with the greatest number in London, Liverpool, Tyneside and Glasgow. There were some from more rural ex-mining areas in south Wales. Note that table 2 presents an illustrative subset of the data we analysed. Similar data for the periods 1981-85,
RESULTS
1986-90 and 1991-95 were also used and are available from the authors. Table 2 shades each cell according to the mortality rate. White denotes a mortality rate in the lowest quartile of the distribution for that age group. Light grey denotes a rate in the second lowest quartile, mid grey the second highest quartile and dark grey with white text, a rate in the highest quartile. Visualising the rates in this way allows the reader to see easily if, and at which ages, constituencies have relatively low mortality rates. The shading serves to highlight marked variation in the age ranges where relatively high or low mortality rates were found. Those in Wales, for example, appear to exhibit relatively higher mortality rates around ages 20-24 (roughly 80 per 100,000), but much lower at younger and older ages. In contrast, some constituencies in the Liverpool area are particularly low at these ages (approximately 35 per 100,000 for Riverside, This is an author produced version of a paper published as Tunstall, H., Mitchell, R., Gibbs, J., Platt, S. and Dorling, D. (2007) . Is economic adversity always a killer? Disadvantaged areas with relatively low mortality rates. Journal of Epidemiology and Comm. Health, 61 (4) . This paper has been peer-reviewed but does not contain final published proof-corrections or journal pagination.
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found at all time periods considered, although variation in mortality rates by age group within constituencies appeared relatively stable over time (data not shown). 134  13  20  43  29  94  118  591  1428  3270  7071 14655  South Shields  102  12  18  23  42  52  124  535  1506  3134  6975 15899  Sunderland North  125  20  9  3  41  79  137  627  1489  3235  7041 17520  Sunderland South  183  9  23  26  64  92  126  545  1427  3289  7733 19924  Tyne Bridge  133  13  16  69  76  62  188  797  1803  3584  7811 19544  Easington  133  21  18  54  50  52  132  541  1527  3125  7314 18779  Middlesbrough  184  15  22  34  47  64  170  685  1566  3347  7317 138  21  24  55  94  94  212  809  2119  3722  8102 19469  Glasgow Baillieston  122  14  17  87  119  193  244  790  1996  4057  8833 17744  Glasgow Cathcart  146  0  8  61  97  86  151  635  1571  2992  6859 16024  Glasgow Govan  126  10  25  83  71  100  236  890  2150  3789  8352 20151  Glasgow Maryhill  190  14  23  74  77  118  304  1043  2434  4360  8844 18773  Glasgow Pollok  122  23  11  83  127  120  226  923  2168  4139  8309 18343  Glasgow Rutherglen  119  4  12  44  82  79  149  665  1698  3578  8194 19906  Glasgow Shettleston  191  47  10  73  92  182  316  1165  2602  4315  8063 16684  Glasgow Springburn  232  21  49  73  102  209  308  1131  2521  4232  8459 17567 Key to Table 2 :
Mortality rate in highest quartile of the distribution for this age group Mortality rate in the 3rd quartile of the distribution for this age group Mortality rate in the 2nd quartile of the distribution for this age group Mortality rate in lowest quartile of the distribution for this age group
The constituency resilience scores ranged from 0-85, with a mean of 21.5 and a median of 18. The distribution of scores is shown in figure 1 .
This is an author produced version of a paper published as Tunstall, H., Mitchell, R., Gibbs, J., Platt, S. and Dorling, D. (2007). Is economic adversity always a killer? Disadvantaged areas with relatively low mortality rates. Journal of Epidemiology and Comm. Health, 61(4)
. This paper has been peer-reviewed but does not contain final published proof-corrections or journal pagination.
8 The five constituencies with the highest resilience score seemed distinct within the distribution, the remainder of which suggests that there is a spectrum of resilience. Constituencies with a resilience index value above the average are highlighted on figure 1 and identified in table 3. Table 4 gives results of the Mann-Whitney tests for difference in age-specific mortality rates (1996) (1997) (1998) (1999) (2000) (2001) between the resilient constituencies, and the rest of the persistently disadvantaged group, together with mean mortality rates. Results for other years were very similar and are not shown. There were no significant differences in mortality rates at ages 0-14 between the resilient and non-resilient, persistently disadvantaged constituencies. As previously noted, at ages 5-14 there were few deaths and resilient constituencies were not selected on the basis of death rates in these age groups. There were also no significant differences between resilient and non-resilient constituencies at ages 20-24. At other ages, the mortality rates in the resilient areas are consistently and markedly lower than in other economically disadvantaged areas. We also tested for differences in mortality rates between the 5 most resilient constituencies and the remaining 49 persistently disadvantaged constituencies, finding significantly lower rates for age groups 15-19 and 30-44 only (data not shown). Thus a negative value denotes that the rate in the resilient constituency is lower, than those it is being compared with, and a positive value denotes a higher rate. The graph shows that mortality rates among younger adults in the resilient constituencies were about 20-25% lower than in the other persistently disadvantaged constituencies, and still about 5-10% lower at older ages. However, at most ages, mortality rates in the resilient constituencies were still higher (20-30%) than the British average. 
DISCUSSION
This study identified a group of constituencies with significantly lower mortality rates, at a range of ages, relative to other constituencies with similar adverse economic histories. It also demonstrated that 'resilience' varies markedly by age group and that resilience may be detected in Welsh, but not in Scottish constituencies. These findings extend those of a previous study which only focused on England and which used a single measure of life expectancy. [5] A clear finding however, is that whilst the resilient constituencies have low mortality rates relative to their economic peers, their rates remain high relative to the British average. The effects of economic disadvantage on health are lessened, but not entirely removed.
Methodological limitations
The results must be considered in the light of limitations in our methodology and data. Census frequency However, the adversity scores themselves were not central to the identification of lower than expected mortality rates once the group of persistently disadvantaged constituencies had been defined. The group included a wide range of types of areas, both urban and rural, from across Britain suggesting that the measure reflected a wide range of experiences and was not overly sensitive to one type of adversity at the expense of others.
The definition of resilience we adopted was conditional on economic disadvantage. An area could be identified as being resilient, in this study, if it was not in the most disadvantaged third of constituencies in the 1971 and in the 25% of that group which experienced the greatest subsequent increase in adversity.
Although this approach had the advantage of simplicity, these inclusion criteria will have influenced the results. Sensitivity analyses suggested that varying the parameters of the selection process did not dramatically change the list of areas identified as resilient. Nonetheless, areas which were not already in economic adversity in 1971, but which suffered catastrophic decline afterwards, and those which were very disadvantaged in 1971, but which didn't decline a great deal further, were excluded.
We recognise that our choice of areal units will have dictated the results to some extent -this is the perennial problem of ecological analysis. In an ideal world we would have worked with areal units which reflect local community structures. However, such units are not readily available. Constituencies are relatively large and heterogeneous. Smaller resilient neighbourhoods may have been ignored because their candidacy was diluted by aggregation with other neighbourhoods that made up the constituency. Further work to explore the impact of areal unit selection is required.
In calculating the resilience score, constituencies were credited for each age group in which they had mortality rates in the lowest quartile of the distribution, relative to their economic peers. This approach has an important advantage in recognising that mortality rates do vary by age. However, using quartiles to assess a distribution means that a group of mortality rates are always identified as 'best', regardless of how low they actually are. Yet, if variation in mortality within the persistently disadvantaged constituency group rates were random, the resilience scores would be generally similar (figure 1 shows they are not) and there would be no significant difference in mortality rates between the constituencies with higher and lower resilience scores.
Lastly, the present analyses and results are not shown for men and women separately. Men and women can have different exposures and responses to material deprivation. We intend to present these analyses in a dedicated paper at a future date.
Explaining the results
Whilst this secondary analysis was not designed to explain the resilience it has detected, it is useful to consider some plausible candidates. In this section we 'prepare the ground' for future work to explain the results.
Exploration of the mortality rates by cause (data not shown) shows that some areas have lower than expected rates of cancer, others did well in cardiovascular disease, suicide or even accidental deaths. This diversity (and hence the variety of aetiological pathways which must be being influenced), strongly suggests that there is no simple 'x factor' which is protecting health in these areas. However, since the dominant causes of death vary by age group, this may suggest that processes by which resilience is occurring in a constituency are sometimes more effective on particular diseases or health problems. Low rates of suicide for example, may have greatest impact on the mortality figures for younger adults. Low rates of heart disease will impact more on the figures for middle and older age adults.
It must be remembered that these analyses are of people grouped by area not of individuals. Processes which influence area level mortality rates can be at both an individual and an ecological level. [17] Macintyre et al. offer a range of themes via which the influences on health in an area can be assessed and we use an adapted version of these themes to weigh possible mechanisms by which the resilience might be occurring.
The composition of an area's population is usually the greatest influence on its mortality rate. An economically disadvantaged area may, for example, 'acquire' lower mortality rates via migration, perhaps encouraged by gentrification or by the start of re-industrialisation. Immigrants to an area are, in many cases, likely to be relatively healthy [18, 19] and may thus have lowered area level mortality rates. Retaining or attracting population can also stem the erosion of public services and foster social capital, benefiting both the incoming and existing populations. [20] Population loss between 1971 and 1991 was about one third lower in the resilient constituencies, when compared to the 36 other persistently poor areas. It thus seems plausible that the resilient areas have done better at retaining, or attracting new, population and that this may have contributed to their resilience. Of course, this does not entirely 'explain' the apparent resilience. Even if keeping or attracting population is part of the process by which population level health resilience is attained, the question remains; why do some areas succeed in these processes whilst others apparently do not?
Macintyre et al. [17] also suggest five types of features of the local area which could influence the residents' health. These are: (a) physical features of the environment shared by all residents in a locality (e.g. quality This is an author produced version of a paper published as Tunstall, H., Mitchell, R., Gibbs, J., Platt, S. and Dorling, D. (2007) . Is economic adversity always a killer? Disadvantaged areas with relatively low mortality rates. Journal of Epidemiology and Comm. Health, 61 (4) . This paper has been peer-reviewed but does not contain final published proof-corrections or journal pagination.
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of air and water, latitude and climate); (b) the availability of healthy environments at home, work and play; (c) services provided, publicly or privately, to support people in their daily lives (including education, transport, policing, health and welfare services); (d) socio-cultural features of a neighbourhood (including the political, economic, ethnic and religious history of a community: norms and values) and (e) the reputation of an area (how it is perceived by residents, service or amenity planners and providers, and investors). Brief investigation yielded some evidence for positive characteristics under each of these headings, in at least some of the resilient constituencies. The geographical diversity of the resilient constituencies makes it unlikely that they all offer similarly benign or beneficial physical environments. The shared experience of economic adversity, and in many cases, community ties based on former industry of occupation, ethnic or religious identity, makes these constituencies a group in which levels of social cohesion are perhaps higher than average. However, this hypothesis remains to be tested. Further systematic research is underway to determine the recipe for resilience.
WHAT IS ALREADY KNOWN ON THIS SUBJECT?
Adverse socioeconomic circumstances in an area usually have an adverse affect on population health.
Those who do get by, or even thrive, in a situation where most would suffer or do badly are called 'resilient'.
WHAT THIS STUDY ADDS
This study is the first to identify a group of areas in Britain which suffered prolonged economic adversity, but which have significantly lower age group specific mortality rates relative to other constituencies with the same adverse economic histories.
Diversity in the range of ages where mortality rates are lower, and in the types of area identified, suggest that there is no single factor responsible for this apparent resilience.
The processes which convert economic adversity into higher mortality rates are weakened in some disadvantaged areas, perhaps by protective characteristics of the community, or by progressive local policies.
Policy Implications
There are practices and policies which weaken the detrimental health effects of economic decline in an area. If some areas can resist the translation of economic adversity into higher mortality, other areas can learn from their policies and approaches, so that they are better protected when economic recessions arrive.
